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This Special Issue in Genes presents articles on different types of hematological ma-
lignancies of interest to hematologists, oncologists, pathologists, and researchers involved
in the care of patients with acute and chronic leukemias, lymphomas, and individuals
with an underlying germline genetic predisposition to developing hematologic malignan-
cies. These articles highlight the research progress in various aspects relevant to patients
with hematological malignancies, including their diagnosis, prognosis, treatment, and
prevention. Hematological malignancies are broadly classified according to the lineage of
the neoplastic cells [1], with lymphoid neoplasms being the most common, followed by
myeloid malignancies.

1. Resistance to Bruton Tyrosine Kinase (BTK) Inhibitors During the
Treatment of Chronic Lymphocytic Leukemia

Chronic lymphocytic leukemia (CLL) is a mature B-cell lymphoid neoplasm repre-
senting the most common leukemia in the Western world [2]. CLL accounts for one of
three new cases of leukemia in the United States, where approximately 23,690 new cases
of CLL and 4460 deaths from CLL are expected to occur in 2025 [3].

Over the last decade, Bruton tyrosine kinase (BTK) inhibitors have revolutionized the
treatment of CLL and other mature B-cell lymphoid malignancies, including mantle cell
lymphoma and Waldenstrom’s macroglobulinemia. This is because BTK’s role is integral
in the antigen-activated B-cell receptor pathway, initiating the complex downstream sig-
naling required for B-cell survival, proliferation, and differentiation. The BTK gene en-
codes a cytoplasmic non-receptor tyrosine kinase, a 659-amino-acid protein comprising
five domains: the pleckstrin homology domain, the Tec homology domain, the Src homol-
ogy domains, SH3 and SH2, and the kinase domain [4]. Mutations in BTK were initially
identified as the cause of X-linked agammaglobulinemia, a rare primary immunodefi-
ciency disorder characterized by deficient B-cell maturation (reviewed in [4]). The current
standard-of-care treatment regimens for CLL include BTK inhibitors as a monotherapy or
in combination [5]. Three BTK inhibitors currently approved for the treatment of CLL,
ibrutinib, acalabrutinib, and zanubrutinib, covalently bind the cysteine 481 (C481) residue
in BTK to irreversibly inhibit BTK signaling [6,7]. In contrast, non-covalent BTK inhibitors,
such as pirtobrutinib and nemtabrutinib, reversibly bind to BTK at non-C481 sites and are
designed to act on both unmutated and C481-mutant BTK [7,8]. However, the continued
treatment of CLL with BTK inhibitors may lead to resistance through various mecha-
nisms, including the development of resistance mutations at the binding sites in BTK and
its downstream target gene, phospholipase C-y2 (PLCG2) [9-11].

In the first article published in this Special Issue, Chirino et al. focused on describing
the resistance mutations that occur after the treatment of CLL with BTK inhibitors, the
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alternative resistance mechanisms, and the impact on newer approaches to drug develop-
ment [12]. The latter includes the development of protein degraders in drug therapies,
which degrade the protein instead of inhibiting it [13,14]. In CLL, the BTK degrader NX-
2127 degrades both unmutated and mutant forms of BTK [12-15].

2. Prognostic Risk Evaluation in Acute Myeloid Leukemia (AML) by a
Comprehensive 12-Gene Metabolic Signature Model

The second article published in this Special Issue, by Zhai et al., pertains to evaluating
prognostic risk in acute myeloid leukemia (AML) [16]. AML, a hematological malignancy
classified as a myeloid neoplasm [1], is characterized by significant heterogeneity in its
underlying genomic abnormalities, clinical tendencies for disease relapse, and unfavora-
ble long-term outcomes [17]. The prognostic risk in AML is currently evaluated via the
detection of cytogenetic and molecular genetic abnormalities, in conjunction with clinical
information [18]. Several additional variables are continually being investigated to
achieve a more precise assessment [19]. The metabolic aspects of AML are of particular
interest, including those of leukemia stem cells (LSCs), which initiate AML at its onset and
contribute to relapse [20]. The unique metabolism of LSCs, especially their reliance on
mitochondrial oxidative phosphorylation, is closely linked to the genesis of AML [20,21].
In their research article, Zhai et al. described how they developed a comprehensive meta-
bolic gene signature model that includes 12 metabolism-related genes to stratify prognos-
tic risk and predict clinical outcomes in AML [16]. Their model was based on analyzing
publicly available AML databases and requires validation in clinical studies [16].

3. Diagnosis of Molecular Genetic Abnormalities in Acute Leukemias
by Reverse Transcriptase Quantitative Polymerase Chain Reaction
(RTqPCR) Assays

The diagnosis and classification of hematological malignancies increasingly require
genetic evaluation in clinical laboratories, particularly in acute leukemias [22]. In the re-
search article by Pessoa et al., the authors identified the best endogenous genes to use as
reference genes for the normalization step of a real-time reverse transcriptase quantitative
polymerase chain reaction (RT-qPCR) assay [23]. This normalization step is crucial for ob-
taining reliable results in RT-qPCR assays, as reviewed in their study [23]. The authors
prospectively selected peripheral blood and bone marrow samples from 49 adult and 25
pediatric patients with acute leukemia, including AML and acute lymphoblastic leuke-
mia, for their study, as these samples are most often examined by molecular assays at
diagnosis and during therapy for leukemia [23]. RT-qPCR assays were performed on RNA
extracted from the clinical samples and 15 samples collected from healthy donors to de-
termine gene expression levels, using the following six endogenous genes: ABL1 (Abelson
murine leukemia viral oncogene human homolog 1), ACTB (3-actin), GAPDH (glyceralde-
hyde-3-phosphate dehydrogenase), HPRT1 (hypoxanthine phosphoribosyl-transferase 1),
RPLPO (Ribosomal protein lateral stalk subunit P0O), and TBP (TATA box binding protein)
[23]. In their study, GAPDH and HPRT1 exhibited a high standard deviation and low sta-
bility, indicating that these genes should not be selected as reference genes. Furthermore,
the authors suggested that researchers could select two or three of the remaining four
genes—ABL1, ACTB, RPLP0, and TBP — for data normalization in RT-qPCR assays [23].
In a subsequent study, the authors found that RT-qPCR assays were more sensitive than
nested PCR assays in detecting genetic alterations at the time of diagnosis of acute leuke-
mias [24].
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4. Correlation of the Genetic Polymorphisms, rs8259 T/A in the CD147
gene and HLA DRB1%*1501, with the Treatment of Cutaneous T-Cell
Lymphomas

The research article by Vaski et al. describes the authors’ study of the genetic poly-
morphisms, 78259 T/A in the CD147 gene, and HLA DRB1*1501, and their correlation
with therapy in patients with cutaneous T-cell lymphomas (CTCLs) [25]. CD147 is a trans-
membrane glycoprotein belonging to the immunoglobulin family that exists in several
isoforms, one of which is expressed in many types of human cells, including hematopoi-
etic, epithelial, and endothelial cells [26]. This protein has multiple functions, as reviewed
in [26]. It induces extracellular matrix metalloproteinases, which are involved in remod-
eling the extracellular matrix during inflammatory and neoplastic processes, including
hematologic malignancies. CD147 is also involved in metabolic pathways and T-cell acti-
vation [26], and it can interact with various intracellular, membrane, and extracellular
proteins to promote neoplastic processes [27]. In tumor tissues, CD147 expression is pos-
itively correlated with the presence of forkhead box transcription factor P3-expressing
regulatory T cells, which suppress immunity against cancer [27]. Vaski et al. reported
several clinical correlations with the genotypes, which included homozygous polymor-
phisms that served as a highly specific marker of disease severity, systemic therapy, and
radiotherapy in patients with CTCL [25].

5. Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR)-Based Gene Editing Could Prevent Hematologic Malignan-
cies in Patients Harboring a Germline Predisposition to Developing
Cancer

The fifth article published in this Special Issue focused on clustered regularly inter-
spaced short palindromic repeats (CRISPR)-based gene editing and its current applica-
tions in hematology, with emphasis on inherited germline predisposition to hematologi-
cal malignancies [28]. This paper had a threefold objective: (1) it chronologically describes
the history of the discovery of CRISPR/CRISPR-associated (Cas) 9 protein/single-guide
RNA-based gene editing; (2) it briefly describes the current state of clinical research on
CRISPR-based gene editing in hematologic diseases, along with the genome editing tools
used in the described applications, and (3) it briefly summarizes the known inherited ge-
netic predispositions to hematologic malignancies (reviewed in [29]), describes the pro-
gress toward gene therapies in inherited hematologic diseases and bone marrow failure
syndromes, and presents clinical situations where CRISPR-based gene editing could be
applied to potentially prevent the development of hematologic malignancies in individu-
als harboring a germline genetic predisposition to developing cancer.

Currently, the only curative treatment for individuals with such a germline predis-
position is an allogeneic hematopoietic stem cell transplant (HSCT). Applying gene edit-
ing based on CRISPR-based tools in such individuals would require an autologous HSCT
performed with genetically edited autologous hematopoietic stem and progenitor cells
[28]. To avoid the potential toxicities of an HSCT procedure while still enabling a curative
treatment, the in vivo modification of hematopoietic stem cells is being developed [28,30].
In this context, as reported last week, researchers in the United States have achieved a
significant milestone by rapidly and successfully developing personalized gene therapy
using a base editor through a modified CRISPR-Cas9 protein and single-guide RNA and
delivering the treatment in vivo to a seven-month-old infant patient born with a rare urea
cycle genetic disorder [31]. That entire gene therapy was developed within six months
after the newborn was diagnosed with the genetic disease, and it led to a clinical response
[31]. Long-term follow-up is required to assess its safety and efficacy [31]. These
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remarkable scientific and medical advances are based on many decades of dedicated re-
search by scientists and clinicians in the United States and other countries. Notably, these
landmark breakthroughs are not restricted to any specific rare disease; they can be applied
to numerous other diseases. Therefore, these advances have generated new hope for many
patients with potentially treatable genetic diseases, including those with a genetic predis-
position to malignancies, the development of which, in such individuals, could be pre-
vented with further research progress.
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The following abbreviations are used in this manuscript:

CLL Chronic lymphocytic leukemia
BTK Bruton tyrosine kinase

AML Acute myeloid leukemia

LSC Leukemia stem cell

RT-qPCR  Reverse transcriptase quantitative polymerase chain reaction
CTCL Cutaneous T-cell lymphoma

CRISPR  Clustered regularly interspaced short palindromic repeats
HSCT Hematopoietic stem cell transplant
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